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INTRODUCTION AND STATEMENT OF THE PROBLEM 
India is basically an agricultural country, where almost 70% of 
human population depends on agriculture for livelihood (Delphine and 
Thatheyus 2003). The livestock play an important role in the economy of 
this country. According to livestock census 2003, India has 185 million 
cattle (16% of world cattle population), 97.9 million buffalo (57%) of 
world population), 61.5 million sheep, 124.4 million goats and 13.6 
million pigs (Anon, 2003). 
The livestock contributes significantly to gross domestic product 
(GDP) which is about 6% to the GDP and 25% to agricultural GDP. It 
was estimated that the livestock sector has grown at an annual rate of 
5.6%o over the last two decades (Ali, 2007). In India, buffalo and cattle 
generate 32%o of energy requirement for rural economy (Odend'hal, 
1972). Beside this, these livestock provide meat, milk, skin, hides and 
dung for fuel and manure which are used for various agrobased 
industries. India is the largest producers of milk in world. It produces 
90.7 million tonnes milk annually. India produces 5.65 million tonnes 
meat which consist of 1.47 million tonnes beef and veel meat, 1.45 
million tonnes buffalo meat, 0.47 million tonnes goat meat and 0.61 
million pig meat (Anon, 2003). The total value of output from livestock 
sector alone was estimated as Rs 929.6 billion during 2001-2002 
(All, 2007). Among the trade of agricultural products, the livestock 
products alone account for about l/S"' of the global trade. However, hidia 
share only 0.3% of world exports and 0.4% imports (Birthal and Taneja, 
2006). The total exports of livestock products have remarkably increased 
from 90.8 million US $ during 1980-82 to 469.6 million US $ during 
2002-04 (Ali, 2007). 
Besides the various food and nonfood products, the male cattle 
and buffalo work as drought animals being used for ploughing, drawing 
water from the wells and for transportation. Their share in the total input 
in crop cultivation is from 8-42%. Further sheep and goat also contributes 
significantly in our economy. The total wool production from sheep 
farming in this country was 48.5 million kg during 2003-2004 
(Ali, 2007). Sheep wool is used in the carpet industry which helps in 
raising the economy from Rs 132.8 million in 1968-69 to over Rs 2000 
million during 1983-84 (Anon, 1986). The foregoing data clearly 
highlight the importance of livestock in our economy. Therefore, an 
effective animal' management is needed to improve the production of 
milk, meet wool and improve the power of animals. However, this can 
only be achieved by improving the health of animal through the 
eradication and control of diseases. 
Though, India has the largest hvestock population but due to lack 
of proper care and management, they fail to contribute significantly to 
national economy at their maximum potential. In livestock management, 
it is essential to take into account all those factors that contribute to the 
poor health of our livestock and hinder the maximum productivity. 
Among these factors, parasitic infection is one of the most important 
factor which causes considerable damage to our livestock and even some 
time causes mortality. Among various parasitic infection, helminth 
parasites are major group which causes considerable economic loss. 
Among various helmintic infections, haemonchosis is one of the 
most common disease in our farm animals, which is caused by 
Haemonchus contortus in sheep and goat and Haemonchus placet in 
cattle. Both species are widely distributed throughout the world. H. 
contortus are commonly known as the twisted stomach worm. It is blood 
sucking nematode parasites primarily found in abomasum of small 
ruminants particularly sheep and goat and ranked as the most important 
parasite found in all regions across the tropics / subtropics (Anon, 1992). 
The sheep and goat become infected while grazing in contaminated 
pasture with infective larvae (L3). The larvae after reaching into the 
stomach, burrows on mucosal surface of abomasum, where they develop 
into L4 or pre adult larvae. They begin to feed on blood and undergo 
another moult before reaching adulthood. The adult male and female 
worm mate and produce 5000 to 10000 eggs per day, which are passed 
through the feaces .The eggs are hatched either in soil or water and 
produce LI stage by moulting. The LI larvae then develop into L2 and 
ultimately L3 infective larval stage. The complete life cycle is shown in 
Fig. 1. 
A large number of helminth parasites inhabiting the alimentary 
canal of sheep, goat and buffalo are pathogenic. Pathogenecity often 
results due to mechanical damage caused by the attachment organ with an 
inflammatory response at the site of attachment. The intensity of response 
is directly related to the depth to which the parasite penetrates. In addition 
to mechanical damage the gut parasite also cause many functional 
disturbances in the host body including metabolic changes, retardation of 
growth, weight loss, hematological changes and increased susceptibility 
to a variety of stress resulting alteration in behaviors (reviewed by 
Williams and Jones, 1994). H. contortus produces different kinds of 
pathological symptoms. In hyper acute disease, death of the host may 
occur within one week without significant signs (See Sood 2006). Since, 
/-/. coniortiis causes considerable damage to our livestock; therefore, great 
attention is needed to control this parasite. The adult and fourth stage 
larvae (L4) of//, contortus feed on blood in the abomasum. The worms 
nfective Larvae are 
ingested during 
grazing 
Adult nematodes in the ^99^ passed 
Abomasum of goat with the feaces on 
pasture 
ive Larvae on pasture 
Infective Larvae L3 
Fig. 1: Life cycle of Haemonchus contortus 
attach to the mucosa and extrude their oral lancet to slit capillaries in the 
abomasal lining. Due to continous attachment of parasite to the abomasal 
mucosa, it becomes oedematous, congestive and showed petichial 
haemorrhages (Perez et aL, 2001). These changes were more severe in 
fundic than cardiac and pyloric region. Gastric lymph nodes were 
oedematous and slightly enlarged due to continous sucking of blood by 
the parasite. Therefore, adult parasite causes severe anaemia, weight loss 
and death especially in young animals (Newland et aL, 2001). 
Pathological symptoms produced by the parasites have been 
associated with the production of oxygen - derived free radicals which 
produces several forms of tissue damages like inflammatory responses, 
ischemic injuries to organ/tissue and injuries resulting form the 
intracellular metabolism of chemical and drugs. Free radical mediated 
injuries involve the formation of lipid peroxides within cell membranes 
and organelles. These peroxides are known to alter the structural integrity 
and biochemical function of membrane. Parasites possess various anti-
oxidant defense mechanisms which protect them against the toxic effects 
of drugs. A balance between the peroxidant and antioxidant system is 
essential for the survival of the parasite within the host as various 
environmental, physiological, toxicological or pathological disturbances 
pose serious danger to the life of the parasite due to over production of 
reactive oxygen species (IIOS). Oxidant stress is the phenomenon of 
damaging cellular components by reactive oxygen species, such as 
superoxide radical (O2"), hydroxyl radical (OIT), singlet oxygen (02') and 
hydrogen peroxide (ll^O,) which are generated due to oxygen metabolism, 
exposure to drugs or stimulated host phagocytes (Fridovich, 1975). To 
prevent oxidant stress, all aerobic organisms are equipped with a series of 
antioxidant enzymes such as superoxide dismutase, catalase, peroxidase, 
glutathione S-transferase and glutathione peroxidase (Fig. 2A and B). The 
reactive oxygen species or superoxide radicals of oxygen metabolism are 
highly loxic and kill a variety of metazoan parasites (Bass and Szejda 1979; 
Clark el ciL, 1986; Batra et a/., 1990 a; b 1992; Hadas and Stankiewicz, 
1996; 1998). The parasite has oxygen scavenging enzymes by which they 
pi-evcnl themselves from oxygen mediated damage. Among these enzymes, 
superoxide dismutase (SOD) is one of the very important enzyme, which is 
found in various parasites that prevent the deleterious consequences of 
superoxide or other oxygen derivative (Callahan et a/., 1988; Hadas and 
Stankiewicz, 1996; 1998J. SOD catalyzes the dismutation of more toxic 
superoxide anion radical (0;, ) lo less toxic hydrogen peroxide which is 
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Fig: 2 (A) The process leading to the formation of ROS and the defence 
Against them. 
(B) Antioxidant enzymes involved in the defence. 
further metabolized by catalase or some exent by glutathione peroxidase 
(Fridovich, 1983). Therefore, SOD is generally known as an immune 
defence protein (Callahan et ciL, 1990, Brophy et ai, 1995), and plays 
an important role in the survival of parasite in the host (Knox and Jones, 
1990). 
Catalase is the main component of Ihe enzymatic detoxification 
pathways which prevent the formation of the highly reactive hydroxy! 
radical by decomposing hydrogen peroxide (Schonbaum et ciL, 1976; 
Deisseoth and Donnce, 1970). Catalase is a haem containing enzymes 
and catalytic activity is responsible for the rapid hydrogen peroxide 
breakdovv'n. 
The other antioxidant enzyme glutathione S-transferase has also 
been associated with the detoxification of various endogenously and 
exogenously derived toxic compounds via both their enzymatic and 
binding capabilities (Mannervik, 1985). In the detoxification mechanism 
the GST catalyze the conjugation of the thiol-group of reduced 
glutathione to a variety of electrophilic substances. In this reaction, the 
sulphur atom of glutathione provides electorn for nucleophilic attack on 
or reduction of the second electrophilic substrate. Thus, the formed 
glutathione conjugate may be excreted as such or, hydrolyzed into 
cysteine-S-conjugate which can yield mercapturic acid after 
N-acetylation. Mercapturic acid is the classical excretory product of 
xenobiotics. The reaction is shown in Fig. 3. 
GST has been widely studied in mammalian tissue and have also 
been detected in many parasitic helminthes including nematodes, 
cestodes and trematodes (Brophy and Barrett, 1990; Rao et ciL, 2002). 
GST may potentially favour parasite survival by neutralizing the toxins 
acting against them and may repair host induced damage (Mitchell, 
1989). This enzyme also seems to play a protective role against lipid 
peroxidation (Rojas et al., 1997). 
In view of the above mentioned facts, the level of various 
antioxidant enzymes like SOD, GST and catalase were investigated in 
male and female H. contortus to provide some basic information related 
to control measures. In addition to this, the host response against the 
parasites and protein polymorphism of male and female H. contortus 
were also studied. 
.N02 
+ GSH 
NO2 
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Glutathione-S-transferase(GST) 
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O9H SG+H +cr 
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Fig 3: 
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Historical Review 
HISTORICAL REVIEW 
Parasites pose a continual threat to the human beings and farm 
animals round the globe. Parasitic infection causes great morbidity and 
mortalities to our livestock and more common in developing countries. 
The poor health and malnutrition of our livestock is mainly due to 
parasitic infection. Some time, due to poor hygiene and negligence, the 
parasites impose extra burden on the community. Parasites generally 
display a combination of physiological and biochemical adaptation by 
which they can evade host response to establish a delicate and 
harmonious host parasite relationship. The damage caused by the 
parasites to their hosts and the host"s reactions (tissues and humoral) 
against the parasites may be localized or spread all over the body 
depending upon the location of parasite on the host body. In view of 
clinical and economic importance of parasites, their erradication has 
become the major goal for parasitologist. The main aim of various control 
measures is to reduce the parasitic infection for better yield of animal 
products. Among various control measure the chemotherapy has received 
considerable attention over the last three decades and many new drugs 
have been synthesized, hi 1909 Paul Ehrlich laid down the foundation of 
chemotherapy and proposed that the inhibition of enzyme that were 
crucial to the parasite but not to the host, might form the basis of a 
rational approach to the chemotherapy against the parasites. Von Brand 
(1973) has suggested that most of the drugs interfere the metaboHc 
process of the parasites. 
The indiscriminate use and improper dosage of anthehnintics in 
conjunction with other factors have resulted in the emergence of multi 
drug resistance strains and thereby posing a threat to effective control 
programme (Prichard, 1994; Coles, 1999; Sangster and Gill, 1994). 
Drug resistance has been found to be wide spread among gastrointestinal 
nematodes of ruminants and horses (Prichard, 1994; Rothwell and 
Sangster 1997; Coles, 1999; Moll et ciL, 2000). Resistance to 
anthelmintics can occur at several levels of molecular and cellular 
organization for various reasons. In parasites, the failure of drugs may be 
due to permeability barrier in the larvae or cyst or due to efficient 
detoxifying systems. Parasites may also become resistant by reducing the 
effective accumulation of the drug either by selective exclusion or by 
active extrusion (Hart and Cox, 1993). 
The reactive oxygen species (ROS) such as superoxide anion (O2'), 
hydrogen peroxide (H2O2) and hydroxyl radical (OH') are produced under 
normal condition but their formation is greatly increased in response to 
infection and anthelmintics (Nathan et al., 1979; Singh et al., 1989; 
Docampo and Morello. 1982; Callahan, et a/., 1991). ROS 
are 
generated by the incomplete reduction of oxygen during respiration in 
mitochondria and as a side product of a variety of normal metabolic 
reactions in various cell organells (Cross and Jones, 1991). ROS cause 
damage to all major classes of biological macromolecules leading to 
protein oxidation, lipid peroxidation, DNA modification, 
depolymerization of polysaccharides etc. (Southorn and Powis, 1988). 
Fridovich (1986) has discussed the effects of ROS in the pathogenesis of 
many diseases. Since, free radicals exert deleterious effect on parasites 
(Callahan et cil, 1988), therefore, for the successful establishment of 
parasites, a delicate balance should exist between cellular systems that 
generate various oxidant or potentially toxic products with those that 
maintain antioxidant defence mechanisms. Thus, for the successful 
establishment the parasites either cause alteration in host metabolism 
favouring lower production of ROS or inactivate host generated oxidants 
through their antioxidant enzymes or other scavengers. It has been 
reported that Acanthocheiloneama vitae and AncyJostoma celaniciiim 
modulate the production of ROS by host tissue in which the\' reside 
(Batra et at., 1989; 1990a, 1990b, Singh et aL, 1989). Pryor (1984) has 
reported that antioxidant enzymes play an important role in protecting the 
parasites against the harmful effects of free radicals and prevent their 
accumulation. Furthermore, to counter the destructive effects of ROS all 
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aerobic organisms have developed multilayered enzymatic and 
nonenzymatic systems by which they prevent and repair the ROS derived 
damage. It has been postulated that these enzymes are essential for 
parasites to defend themselves against ROS, generated by macrophages, 
neutrophils and eosinophils of the host (Callahan et ai, 1988; Brophy 
and Pritchard, 1992). These enzymes may be particularly important for 
long lived parasites thai arc involved in chronic infection such as parasitic 
nematodes (Diihrsen and Kampkotter, 2001) whose survival are 
largely depends on the neutralization of immune effector functions 
(Maizels g/a/., 1993). 
Parasitic nematodes, like all aerobic organisms, require 
antioxidant enzymes to cope with reactive oxygen species (ROS) 
produced during cellular metabolism. Additional!}', they have to protect 
themselves against ROS produced by the host (Diihrsen and 
Kampkotter 2001). Due to more exposure to free radicals produced by 
leukocyte, the parasites need an additional requirement of antioxidant 
enzymes, (Jesaitis and Dratz, 1992). The major antioxidant enzyme 
families in eukaryotes were considered to be the superoxide dismutase 
(SOD), glutathione S-transferenses (GST.s) and catalases (CATs) 
(Piancenza et ai, 1998). 
Superoxide dismutase which is found in every species of 
parasitic helminthes (reviewed in James 1994) is one of the such enzyme 
which is scavenger of superoxide anion (O2) and protect the cell / 
organism from the deleterious effect of superoxides and other oxidant 
derivatives (Calialian et cil, 1988; Fridovich, 1995). This enzyme 
catalyzes the spontaneous dismutation of superoxide radicals (O2) to 
hydrogen peroxides and molecular oxygen which is further metabolized 
by catalases (Fridovich, 1983). Knox and Jones (1992) has studied the 
SOD of gastrointestinal nematodes and concluded that SOD plays an 
important role in the survival of nematodes into the host body. Numerous 
SODs have been characterized and / or purified from helminthes parasites 
like Trichinella spiralis (Rhoods, 1983), Taenia taeniaeformis (Leid and 
Sequent, 1986), Schistosoma luansoni (Hong et ai, 1992), Brugia 
phangi (Tang et a/., 1994), Dirofdaria immitis (Callahan et ciL, 1991) 
Onchocerca volvulus (Henkle et ai, 1991), H. contortus (Liddel and 
Knox, 1998), Fasciola hepatica (Piacenza et ai, 1998) and 
Paragonimiis westermoni (Chung et ciL, 199i; . The activities of SOD 
was examined by Hadas and Stankiewicz (1998) in larval and adults 
Trichoslrongylus coluhiformis, H. contortus and Ostertagia circuincincta 
and reported that the activities of enzymes in the larva of these species 
were 8-10 times higher than corresponding adults. Zelck and Von 
Janovvsky (2004) have studied the expression of the antioxidant enzymes 
nice SOD, GST and glutathione peroxidase in miracidia, sporocyst and 
cercariae of S. mansoni and reported that ROS cause the increased 
transcription of these enzymes. 
Hydrogen peroxide was shown to be highly toxic for a number 
of hehninth parasites (Callahan et ai, 1988; Adema et al, 1991; Halin 
et ai, 2001), so it is necessary for parasites to get rid off such highly toxic 
substance. For this purpose the parasites have catalase that prevents the 
formation of the highly reactive hydroxyl radical by decomposing 
hydrogen peroxide into molecular oxygen and water (Schonbauni et al., 
1976; Deisseroth and Dounce, 1970). However the exact role of catalase 
in protection of parasites against oxidant is less clear (Kotze and 
McClure, 2001). This enzyme is either absent or if present then only at 
very low levels in parasites (Callahan et ai, 1988; Mkoje et al., 1988; 
Mei and LoVerde, 1997), A correlation between catalase levels and in 
vitro toxicity of hydrogen peroxide has been described by many workers. 
Low levels of catalase in T. spiralis and 0. cervicalis were associated 
with susceptibility to hydrogen peroxide (Kazura and Meshnick, 1984; 
Callahan et ai, 1990), whereas, significant catalase activity in adult B. 
malayi was associated with the ability to resist and metabolize hi^h 
concentration of hydrogen peroxide in vitro (Ou et al., 1995 a). Kotze 
and McClure, (2001) studied the toxicity of activated oxygen species on 
adult H. contortus by in vitro method and reported significant catalase 
activity both in adult and larval stage for the first time. The response of 
larval stage (L4) and adult H. contortus to oxidative stress was studied by 
Kotze, (2003) by measuring the catalase activity. He reported that the 
activity of enzyme increased by many folds in larvae and adults due to 
exposure of peroxides. 
GST was widely distributed in the plants and animals in isomeric 
forms (Brophy and Barrett, 1990 a: Zhou and sylvanen, 1997; Alfinito 
et fiL, 1998; Tamaki e( iiL, 1999 and Hayes et al., 2000). The isozymes 
of GST are closely associated with the passive detoxification of various 
xenobiotics and endogenously derived toxic compounds or free radicals 
by using both their catalytic and ligand binding activity (Ketterer et al., 
1988), GST also involves in the protection against membrane damage 
induced by cytotoxic products of lipid peroxidation such as lipid 
hydroperoxides and reactive carbonyl species which are secondary 
products of lipid peroxidation generated by host immune effector 
molecules (Brophy and Pritchard, 1992; Mitchell, 1989). GST has also 
been implicated in a variety of resistance phenomena involving in cancer 
chemotherapeutic agents (Tew, 1994; McLellan and Wolf, 1999), 
insecticides (Tang and Tu, 1994; Ranson et ai, 1997) microbial 
antibiotics (Area et ai, 1997) and herbicides (Edwards et ai, 2000). 
Further, it has been reported that GST occur in two forms, as 
soluble and membrane bound proteins among various groups of animals, 
from protozoa to vertebrates (reviewed by Brophy and Pritchard, 
1994). The activity of GST has also been detected from a number of 
helminth parasites (Smith and Bryant 1986; Brophy and Barrett, 
1987; 1990 a, b; Howell et ai, 1988). Jaffe and Lambert (1986) have 
detected GST activity in the cytosolic and microsomal fractions of adult 
females of D. immitis and B. pahangi. Howell et uL, (1988) reported that 
GST was abundantly distributed in different tissues of F. hepatica. They 
purified this enzyme and studied their immunoprotective role in rats. 
Vibanco - Perez et ciL, (1999) purified GST from the metacestode of 
T. solium and suggested that this enzyme has an important role in the 
survival of T. solium in its hosts. Morello et ai, (1982) have 
demonstrated the activity of GST in protoscoleces of £. granulosus and 
suggested that the conjugation reaction was activated on treatment of 
protoscoleces with phenobarbital and |3 - naphthoflavone. These authors 
further suggested that the conjugation reaction ma>' be an important factor 
in the development of resistance to drugs among parasites. Brophy et ai, 
(1989) purified and characterized GST from the cytosol of 
Schistocephalus solidus (plerocercoid) and reported four isozymes (S.S I, 
S.S II, S.S III, S. S IV) by chromatofocussing at pH 7-5. The S. S II GST 
may have the potential to detoxify toxic reactive carbonyls and thereby 
contribute in the defence against free radicals induced lipid peroxidation. 
They also reported that major GST in S. solidus had conjugating activity 
with members of the trans, trans-2, 4-alkadienal and trans-2-alkenal series 
which are secondary products of lipid peroxidation. In H. contortus, the 
resistant strain was found to have 1.5-1.8 times higher activity of GST as 
compared to susceptible strain ( Kawalek et ciL, 1984). 
Parasitic helminths express multiple form of GST. In Schistosomes 
two major subunit families of GST were found having molecular weight 
of 26 and 28 KD. The 28 KD protein v/as more abundant than 26 KD 
(Mitchel et ai, 1989). The Sm 28 GST of 5, mcmsoni was found to be 
synthesized in the protonephridial cells and then was transported to the 
parasite surface (Balloul et ciL, 1987). The activity of GST in male 
Schistosomes was found three fold higher than female (O'Leary and 
Tracy, 1988) and it was shown that the activity of enzyme increases 
during development o( Schistosomes (Nare et ciL, 1990). Two classes 
(a- and (3-) of GST were also reported from F. hepatica. The a- class has 
low affinity for glutathione whereas, the mu class has high affinity for 
glutathione and were more abundant (Brophy and Barrett, 1990 a; 
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Wijffels et al., 1992). Similarly, four acidic GSTs were isolated from the 
cytosol of the adult Hymenolepis diminuta (Brophy and Barrett, 1990 
b). Among trematodes, digeneans were found to exhibit highest levels of 
GST while tissue dwelling nematodes exhibit lowest level (reviewed by 
Brophy and Pritchard, 1994). Holy et al, (1989) investigated the 
distribution of major isozymes of GST in different tissues of 5". mansom 
by using indirect immunoflorescence technique. GSTs are a family of 
multifunctional proteins (Mozer et al., 1983; Clarke et al., 1985; 
Stenersen et al., 1987). In trematodes GST play an important role in 
providing protection against challenge infection in experimental animals. 
The multiple immunizations with purified F. hepatica adult worm GST 
was found to induce significant level of immunity in sheep against 
challenge infection (Sexton et al., 1990) whereas, failed to provide 
protection in rats (Hillyer et al., 1992). 
Pathogenicity often results due to mechanical damage caused by 
the attachment organ with an inflammatory response at the site of 
attachment. The intensity of response is directly related to depth to which 
parasite penetrates. In addition to mechanical damage, the gut parasite 
also cause many functional disturbances in the host body including 
metabolic changes, retarded growth, weight loss, hematological changes 
and increase susceptibility to a variety of stresses resulting alteration in 
behaviours (reviewed by Williams and Jones, 1994). A general type of 
reaction due to gastrointestinal parasites is the inflammatory response in 
the vicinity of the parasite with loss of functional cells (Nielson, 1982). 
Many reports are available about the changes in the intestinal 
mucosa and underlying layers in response to parasitic infection which 
include displacement and flattening of villi, mechanical injury, necrosis, 
loss of epithelia at or near the point of attachment hyperplasia, metaplasia 
of the mucosa, haemorrhage and destruction of mucosa with the host of 
cellular reactions (Anon, 2005). The other histopathological changes 
related to parasitic infection were reported as formation of lesions, ulcers, 
nodules, diverticula, calcareous, collagenous or fibrous capsules around 
the parasite, fibrosis and appearance of granuloma. (Williams and Jones, 
1994). In many infections there are profound alterations in the absorptive 
surface of intestine (Stephenson et ai, 1980; Forsum et ai, 1981). 
Pronounced changes have been reported in the intestine of Nesokia indica 
due to Syphacia sp. (nematode) infection. These changes includes 
thicloiess of intestinal wall, atrophy of villi and underlying tissue, 
appearance of granulomatous tissue masses granular lesions, hypertrophy 
and hyperplasia of the glandular regions (Khatoon et ai, 2004). 
Various kinds of histopathological changes and infiltration of 
lymphocytes and IgG producing plasma cells were recorded in the 
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abomasum and abomasal lymph nodes due to H. contortus infection in 
goat (Perez et ciL, 2001; 2003). There is a marked increase in the 
secretion of mucous together with abundant infiltration of eosinophils, 
mast cells, CD3^ T lymphocytes, CD79a^  B cells and globule leukocytes 
in the mucosa. The abomasal lymphnodes showed marked hyperplasia 
and IgG"" plasma cells in all infected goats. In sheep, varieties of cellular 
and humoral defensive mechanisms have also been reported against H. 
contortus infection including hyperplasia and infiltration of mucus cells, 
mast cells eosinophil and lymphocytes (Salman and Duncan, 1984; Gill 
e^ rt/., 1992,1993). 
The foregoing survey of literatures clearly reveals the importance 
of SOD, catalase and GST in helminth parasites. The characterization of 
these enzymes from various parasites clearly indicate that they catalyze 
the conjugation of both endogenous and exogenous toxic products to 
generate less toxic / reactive water soluble products and facilitating their 
excretion. Thus, in view of the importance of the antioxidant enzymes, 
the present work was undertaken to find out the activity of SOD. catalase 
and GST in male and female H. contortus. Besides this, histopathological 
changes in the infected abomasum and protein profile of male and female 
//. contortus was also studied. 
Materials 
& 
Methods 
MATERIALS AND METHODS 
Haemonchus contortus were collected from the abomasum of 
naturally infected goat slaughtered at local abattoir. The infected 
abomasums were brought to the laboratory and the parasites were 
isolated. They were washed several times in the Hank's medium at 37"+ 
\°C to remove all the debris and host derived materials. The male and 
female parasites were separated, blotted onto the Whatman filter paper 
and homogenized separately. 
Homogenates (10 % w/v) of male and female parasites were 
prepared from time to time and was diluted according to experimental 
requirements. Parasites of known wet weight approximately Ig were 
homogenized in 0.2M ice cold sodium phosphate buffer (pH 6.5) in a 
glass Teflon tissue homogenizer with a motor driven pestle at 4"C. The 
homogenates were centrifuged at 5000 rpm for 20 min at 4°C in 
microfuge (Hitachi, Japan). The supernatant was collected gently without 
disturbing the pellet with the help of pipette and stored at -20°C in the 
form of aliquots until use. The aliquots were used for the estimation of 
glutathione S-transferase (GST) and catalase, whereas for the estimation 
of superoxide dismutase the male and female parasites were homogenized 
in chilled 0.15M KCl, centrifuged at 1000 rpm for 15 min at 4°C and 
stored at -20°C for subsequent use. 
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ESTIMATION OF GLUTATHIONE S-TRANSFERASE (EC, 
2.5.1.18): 
The activity of GST was assayed spectropliotometrically at 340 nm 
according to the method of Habig et ai, (1974) in the direction of 
conjugate formation in the cuvette. 
REAGENTS: 
(i) 0.2 M sodium phosphate buffer. (pH 6.5) 
(ii) 10 mM reduced glutathione prepared in phosphate buffer (pH 
6.5). 
(iii) 300 mM 1-chloro 2, 4-dinitrobenzene (CDNB) prepared in 
acetone. 
The total reaction volume was 3ml containing 1.0 mM reduced 
glutathione, 1.0 mM l-ch!oro 2, 4-dinitrobenzene (CDNB) and 0.2 M 
phosphate buffer (pH 6.5). The reaction mixture was mixed quickly and 
OD was recorded against the blanlvs for every 30 seconds for 10 min. 
The principle involves S-2, 4 dinitrophenyl glutathione conjugate 
formation as shown in fig. (3) which leads to progressive increase in 
absorbance. All readings were recorded on spectronic 1001(Bausch and 
Lomb). 
CALCULATION: 
Specific GST Activit}' = A22., Total volume 
G Aliqiiote volumex mg protein 
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Where, AOD = change in OD per min. 
e = Extinction coefficient 
ENZYME UNIT: 
A unit activity is defined as the amount of enzyme catalyzing the 
formation of l|i mole of CDNB glutathione conjugate per min under 
specific assay conditions. Specific activity is defined as the units of 
enzyme activity per mg of protein. 
ESTIMATION OF SUPEROXIDE DISMUTASE (EC 1.15.11): 
The activity of superoxide dismutase (SOD) was analyzed 
spectrophotometrically according to methods of Marklund and 
Marklund (1974). The principle depends upon autoxidation of pyrogallol 
which are given in the following equation-
Pyrogallol +O2 Autoxidaton ^Qxjdation products+Oz 
2O2" +2H^ ^QP )02 +H2O2 
REAGENTS: 
(i) 50 mM Tris succinate buffer (pH 8.2). 
(ii) 8 mM pyrogallol solution. 
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A total of 0.05 ml sample solution was added to 2.85 ml of 0.05 mM 
Tris succinate buffer (pH 8.2), mixed well and incubated at 25"C for 20 
min. After incubation 0.10 ml of 8mM freshly prepared pyrogallol 
solution was added to initiate the reaction. The contents were shaken well 
and change in OD per min was immediately recorded for 3 min at 420 
nm. A blank was also run simultaneously which contain double distilled 
water in place of sample solution. All the readings were recorded on 
Spectronic 1001. The activity of enzyme was calculated by the following 
formula 
o -r o/^r^ .• •, (AOD blank)x(AOD Sample)/Total Volume Speciiic SOD activity = ,\^^ , , — - ^ *^-^ 
AOD blank ^,. " . . , 
V ^x Aliquote Volume x mg protien 
Enzyme Activity: One unit of enzyme is defined as the amount of 
enzyme which causes 50% inhibition of pyrogallol autoxidation under 
assay conditions. 
ESTIMATION OF CATALASE (ECI.11.1.6): 
The activity of catalase was estimated according to method of Aebi 
(1974). This enzyme catalyzes the following reaction which is the 
principle of enzyme estimation-
orr n Catalase -,ri ^ /-^  zn2U2 > 2 H2O+ O2 
In the UV range H2O2 shows a continual increase in absorption 
with decreasing wavelength. The decomposition of H2O2 can be followed 
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directly by the decrease in extinction at 240 nm (E240=40 cm^/^imole). 
The difference in extinction (AE240) per unit time is used to measure the 
catalase activity. 
REGENTS: 
(i) 50 niM phosphate buffer (pH-7.0) 
(ii) 30 mM Hydrogen peroxide 
0.34ml of 30% H2O2 was diluted to 100 ml with phosphate 
buffer (pH7.0). 
2.95 ml of H2O2 phosphate buffer was taken into the cuvette and 
then 0.05 ml sample solution was added. The contents were mixed 
thoroughly and decrease in absorbance was recorded at 240 nm after 
every 30 seconds for 3 min. All readings were recorded on Spectronic 
1001. 
Calculation: 
c „ . -« . / - f I ,- -, AOD X Total Volume xlOOO Speciiic Catalase activity = 
e x Aliquot Volume x mg protein 
AOD = Change in OD/min. 
e= Extinction coefficient. 
ELECTROPHORETIC ANALYSIS OF SOLUBLE PROTEINS: 
In order to study the protein polymorphism freshly washed male 
and female H. contortus were homogenized in O.IM sodium phosphate 
buffer (pH 7.4) containing 0.25 M sucrose in a glass Teflon tissue 
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homogenizer with a motor driven pestle at 4"C. Tiie homogenate was 
centrifuged at 1,000 g for 10 min to remove debris and unbroken cells. 
Protein concentrations of the samples were determined by the method of 
Specter (1978). 
SDS-POLYACRYLMIDE GRADIENT GEL ELECTROPHORESIS 
(SDS GRADIENT - PAGE): 
Polypeptide profiles of male and female H. contortiis were 
analyzed by SDS gradient-PAGE using discontinues buffer systems of 
Laemmli (1970) with some minor modifications. The separating and 
stacking gels were prepared from the various stock solutions. 
PREPARATION OF STOCK SOLUTIONS: 
Acrylamide solution (30%): 
Acrylamide = 29.20g 
Bisacrylamide = 0.80g 
Final volume made to 100 ml with double distilled water. 
Separating gel buffer: 
Tris = 18.15 g 
Dissolved in 100 ml double distilled water and pH was adjusted to 8.8 
by HCl. 
Stacking Gel buffer (4 x): 
Tris = 6.05 g 
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Dissolved in 100 ml double distilled water and pH was adjusted to 6.8 by 
HCl. 
SDS (2%): 
SDS = 0.2g 
Dissolved in 10 ml of double distilled water. 
Ammonium per sulphate (APS): 
10% (w/v) freshly prepared solution in double distilled water was 
used. 
Running Buffer: 
Tris = 3.03g 
Glycine = 14.41g 
SDS = l.Og 
Dissolved in double distilled water adjusted pH to 8.3 with IN HCl 
and made to 1 liter vv'ith double distilled water. 
GEL PREPARATION AND ELECTROPHORESIS: 
The separating gradient (8-15%) gel and stacking gel (4%) were 
prepared by taking the appropriate volume of acrylamide, buffer and 
double distilled water as follows: 
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Solution 4% Gel 8% Gel 15% Gel 
Acrylamide 0.67 ml 1.60 ml 3.0 ml 
Separating Gel Buffer - 1.50 ml 1.50 ml 
Stacking Gel Buffer 1.0 ml 
SDS 0.2 ml 0.3 ml 0.3 ml 
Double distilled water 2.13 ml 2.60 ml 1.2 ml 
APS 20^1 30^1 30^1 
TEMED 4^1 6^1 6^1 
All the above mentioned solutions were mixed thoroughly and 
degassed for 10 min at 20 lb negative pressure. After this, freshly 
prepared 10% ammonium per sulphate and TEMED were added in 
separating gel solution and mixed thoroughly before pouring into the 
chambers of gradient gel maker (Pharmacia LKB). The gel solution was 
poured into the glass plate mould (10x4) using 0.1 cm thick spacers. Once 
the gel solution was poured, it was carefully overlaid with few drops of 
double distilled water and allowed to polymerize at room temperature. 
After the polymerization double distilled water was carefully removed 
from the gel surface and 4% stacking gel solution was poured onto the 
separating gel. After inserting the desired comb the gel was allowed to 
polymerize at room temperature. 
Before carrying out electrophoresis, tlie protein samples and 
standard protein markers were boiled in Laemmli's sample buffer in the 
ratio of 3:1 volume (3 volume sample and 1 volume sample buffer), 
containing 50% of 4x stacl<ing gel buffer (pH 6.8), 20% glycerol, 10% 
SDS, 20% (3 mercaptoethanol and 0.05% (w/v) aqueous bromophenol 
blue as the marker dye. The sample mixtures were boiled for 7-8 min at 
100°C in boiling water bath. The standard molecular weight markers 
(GENEI Chemical Co. Bangalore) were also run simultaneously, which 
contained highly purified proteins. Myosin (205 KD), Phosphorylase b 
(97.4 KD), Bovine serum albumin (66 KD), ovalbumin (44 KD) and 
Carbonic anhydrase (29KD). A total of 40 j^ g protein samples and 8 |ig 
standard protein markers were carefully loaded onto the gel with the help 
of micro sample applicator. After sample application the electrophoresis 
was carried out at 20 mA per slab gel in vertical gel slab system (AE-
6200 ATTO CORPORATION, JAPAN). When the bromophenol blue 
tracking dye reached 0.5 cm above the end of the gel, the power supply 
was disconnected and gel v/as removed from the glass moulds and used 
for coomassie brilliant blue (CBBR-250) and silver staining. 
(A) Coomassie Brilliant Blue (CBBR-250) staining: 
The gel was stained in 0.25% (w/v) CBBR-250 dye (Sigma 
Chemical Co. USA) prepared in fixative which contain 10% (v/v) acetic 
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acid, 45% methanol and 45% double distilled water for overnight. The 
overstained gel was initially destained in same fixative without dye and 
finally destained in low destaining solution consisting of 5% acetic acid, 
5% methanol and 90% double distilled water until the background 
became clear and protein bands became distinct. Finally the gels stored in 
7% (v/v) acetic acid in double distilled water. The gel was scanned by hp 
Scanjet 2400 scanner. 
(B) Silver Staining: 
Silver staining of the gels were performed according to method of 
Sorenson et ai, (2002) with some minor modification which, is about 10 
times more sensitive than coomassie staining. All the procedure was 
performed at room temperature with continuous gentle shaking. A syringe 
was used to remove reagents and washing solution to minimized handling 
of gels. To immobilize the fractionated protein's, the gels were placed in 
12% trichloroacetic acid (TCA) and 50% methanol solution for 30 min. 
Thereafter, the gels were transferred in ethanol: acetic acid: double 
distilled water (10:5:85) for 20 min and then in 0.057% ammonium per 
sulphate solution for another 20 min. After thoroughly rinse with double 
distilled water for 30-45 min, the gels were transferred into 0.1% AgN03 
for one hour. After quick rinse with double distilled water, the gels were 
put in freshly prepared developer solution (2% sodium carbonate 
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(Na.CO:,) + SOjil of 40% formaldehyde solution) for 3-5 min or until bands 
became clearly visible. After achieving the appropriate colour, the gels were 
transferred in 1% acetic acid to stop the reaction and stored in double 
distilled water. 
MOLECULAR WEIGHT DETERMINATION: The relative mobility of 
each polypeptides were calculated with the help of the following formula 
Distance of Polypeptide migrated 
Distance of tracking dye migrated 
The Rf value of individual polypeptides were calculated with the 
help of their migration distance. Subsequently molecular weight (Mr) of 
each polypeptide was determined with the help of semi log standard graph 
plotted by known molecular weight standard marker proteins against their Rf 
values. (Fig. 4). 
PROTEIN ESTIMATION: 
Total protein concentration in the assay mixture was determined by 
dye binding method of Spector (1978) using coomassie brilliant blue G-250 
(Sigma Chemical Co. USA). The dye reagent consisted of 0.01% (w/v) 
CBBG-250, 4.75% (v/v) absolute ethanol and 8.5%) (v/v) of 
orthophosphoric acid (H3PO4). The optical density was recorded at 
595 nm by Spectronic 1001 spectrophotometer. The protein content was 
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measured linearly in the range of 1.0-10 ).ig in 2.1 ml of total assay volume. 
The bovine serum albumin (BSA) prepared in double distilled water was 
used as standard. 
HISTOPATHOLOGICAL STUDIES: 
Small pieces of infected as well as non-infected abomasum were fixed in 
10% neutral buffered formalin for 24 hours. After fixation the materials 
were dehydrated through ascending grade of alcohol and cleared in xylene 
for 10 min. Infiltration of paraffin was carried out giving two changes of one 
hour each at 60"C and then the materials were embedded in the paraffin wax. 
Sections of 5|.im thickness were cut on a rotatory microtome and were 
floated on water drops on the albumin coated slides on stretching box. The 
slides were dried and used for histopathological studies. The pathological 
events associated within the tissues were examined in the eosin-
haemotoxylene and Periodic Acid Schiff (PAS) stained sections. 
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Results 
RESULTS 
Available literatures reveal that antioxidant enzymes play an 
important role in the survival of parasites. Therefore, in the present study 
the activity of different antioxidant enzymes like SOD, catalase and GST 
were analyzed in male and female H. contortus and the result are 
presented in Table 1 and fig. 5. Among all studied enzymes, the activity 
of SOD was found higher followed by GST and catalase in both male and 
female parasite (Fig. 5). Further, the activities of all enzymes were found 
significantly higher in male than female. This is very preliminary study 
and only provides information about the presence of enzymes. 
The histopathological results due to H. contortus infection in the 
goat are presented in plate I. The histopathological changes in the 
infected abomasum were evaluated on the basis of nonifected organs. 
Oversrecretion of mucous was observed in infected as compared to 
noninfected abomasum (Plate I Figs. A and B). In addition to this, cellular 
infiltration was also noticed at the site of attachment of worms which 
were identified as lymphocytes, fibroblast and macrophage (Plate I, Figs. 
C, and D). 
Further, the protein profile of male and female H. contortus was 
also studied to find out similarity and differences between them. The 
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Table 1: Specific activities of antioxidant enzymes in male and female 
H. contortus. 
Antioxidant 
Enzymes 
SOD 
Catalase 
GST 
Male 
(Unit /niin/nig protein) 
11.44 ±0.0068 
0.863 ±0.0017 
1.44± 0.0018 
Female 
(Unit /min/mg protein) 
8.59 + 0.0048 
0.698 ±0.0019 
1.25 ±0.0014 
1 O 
14 
• I I 
l a 
H 
( 0 5 
12-i 
10 
d, 4 
2 ^ 
0+ 
Male 
^SOD ICatalase 
Female 
E3GST 
Fig. 5: Specific activities of antioxidant enzymes in male and 
female H. contortus 
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result of SDS gradient PAGE revealed a heterogenous polypeptide profile 
in the male and female H. contortus. A total 33 and 35 polypeptides of 
different molecular weight were resolved in male and female H. contortus 
respectively by coomassie brilliant blue staining (Plate II, A). The 
apparent molecular weights of resolved polypeptides are presented in 
Table 2. Most of the polypeptides were common in both male and female 
worms but there are 2 specific polypeptides in male and 4 in female were 
detected (Plate II, A Fig. 6, Table 3). 
It has been reported that CBRR-250 stain is less sensitive than 
that of silver stain and many conjugated proteins are not stained with this 
dye. Therefore, silver staining of the gel was also performed which 
resolved a total of 37 and 38 polypeptides in whole homogenate of male 
and female worm respectively (Plate II, B Fig. 7). Thus, some additional 
polypeptides were detected by silver staining which were absent in 
CBBR-250 stained gel. The apparent molecular weight of the resolved 
polypeptides by silver staining is presented in Table 4. It was observed 
that there are some specific polypeptides present in both male and female 
H. contortus. In male, 2 specific polypeptides of molecular weight 75 KD 
and <29 KD were observed while in female 68KD, 50 KD, and 42 KD 
polypeptides were specific. (Plate II, Fig. 7, Table 3). 
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Plate II The protein profiles of male (M) and female (F) H. contortus 
along with standard marker proteins (S) of known molecular 
weight by SDS gradient PAGE. The gels were stained with 
coomassie brilliant blue R-250 (A) and silver stain (B). The 
arrows indicate characteristic polypeptides present in male and 
arrow heads in female. 
MW 
KD 
205 - • 
97.4 
66.0 
(A) (B) 
43.0 
29.0 
M M 
A '\ 
Table 2: Apparent molecular weight (in KD) of polypeptides resolved by 
CBBR-250 staining procedure in H. contortus. 
MALE FEMALE 
205 205 
140 140 
125 125 
90 
85 85 
75 
65 65 
62 62 
57 57 
52 
51 51 
50 50 
47 47 
46 46 
45 45 
43 43 
41 41 
40 40 
<29 
Total ii 
jf 38 
37 37 
36 36 
31 
30 30 
<29 <29 
<29 <29 
<29 <29 
<29 
<29 <29 
<99 
<29 <29 
<29 <29 
<29 <99 
<29 <29 
<29 <29 
<29 <99 
<29 <29 
<29 
35 
43 
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Fig. 6: Presence ( ) and absence ( ) of polypeptides in H. 
contortus (Male and Female) by CBBR-250 staining procedure. 
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Table 3. Characteristic polypeptide with apparent molecular weight of male 
and female H. contortus by SDS - Gradient PAGE. 
CBBR-250 STAINED GEL 
Male 
No. Mr. 
(in KD) 
-
! 75 
1 52 
-
-
Female 
No. Mr. 
(in KD) 
! 90 
-
-
1 31 
2 <29 
No. 
1 
-
-
-
1 
SILVER STAINED GEL 
Male 
Mr. 
(in KD) 
75 
-
-
-
<29 
Female 
No. Mr. 
(in KD) 
-
1 60 
1 50 
I 42 
-
45 
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Fig. 7: Presence ( ) and absence ( ) of polypeptides in H. 
contortus (Male and Female) by silver staining procedure. 
46 
Table 4: Apparent molecular weight (in KD) of polypeptides resolved by 
Silver staining procedure in H. contortus. 
Total 
MALE 
175 
165 
155 
150 
125 
115 
110 
105 
100 
95 
90 
85 
82 
75 
73 
68 
65 
62 
57 
52 
47 
43 
40 
36 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
37 
FEMALE 
175 
165 
155 
150 
125 
115 
110 
105 
100 
95 
90 
85 
82 
73 
68 
65 
62 
60 
57 
52 
50 
47 
43 
42 
40 
36 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
<29 
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It can he concluded from the results that female parasite had 
comparatively more polypeptides than male and there are some 
characteristic polypeptides of different molecular weight, which can be 
exploited for immunodiagnostlc purpose. 
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Discussion 
DISCUSSION 
The respiratory burst by mammalian host cells produces reactive 
oxygen species (ROS) which is powerful tool in preventing the 
establishment of infectious agents and has been implicated in protective 
immunity to a number of parasites including gastrointestinal nematodes 
(Smith and Bryant, 1986; 1989; Batra et ai, 1993; Ben-Smith et ai, 
2002). The main source of ROS is activated Phagocytes (Morel et ai, 
1991) and increased ROS production by these cells has been correlated 
with the rejection of parasites (Smith and Bryant, 1989). The activated 
oxygen species are toxic to H. contortus and other parasitic nematodes 
(Makoji et al, 1988; Callahan et ai, 1990; Ou et al, 1995a; Kotze and 
McClure, 2001). All aerobic organism including parasites protect 
themselves from the ROS by using their antioxidant enzymes (Bass and 
Szejda, 1979; Callahan et ai, 1988; Sies, 1993; Hadas and 
Stankiewicz 1998; Duhrsen and Kampkotter, 2001). The effective 
protection of an invading parasite from host produced ROS would depend 
on the level of scavenger enzymes (Dzik, 2006). 
In the present study appreciable amount of SOD and catalase was 
observed in adult H. contortus, which suggest that this parasite like other 
organism may detoxify the reactive oxygen species (Ou et ai, 1995b; 
Liddell and Knox 1998; Hadas and Stankiewicz 1998; Duhrsen and 
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Kampkotter 2001). Contrary to this, Hadas and Stankiewicz (1998) 
have reported less SOD activity in adult H. contortus. Such differences 
could be due to used methodology. These antioxidant enzymes may be 
responsible for establishment of parasite as it has been suggested that 
antioxidant enzymes are essential for parasite to defend themselves 
against ROS generated by macrophage, neutrophils and eosinophil of the 
host (Callahan et ai, 1988; Bropliy and Pritchard, 1992). These 
enzymes may particularly important for the survival and persistence of 
parasites. Piedrafita et ai, (2000) have reported that newly excysted 
juvenile fluke of F. hepatlca was relatively resistant to killing by free 
radicals as compared to schistosomula of S. mansoni and suggested that 
the resistance could be due to the significant activity of antioxidant 
enzymes in newly excysted juvenile flukes. 
The presence of significant SOD (for conversion of superoxide 
anion to hydrogen peroxide) and catalase (for detoxification of hydrogen 
peroxide) in H. contortus further indicate that the parasite has complete 
defence system against ROS. Parasite antioxidant enzymes are thought to 
play dual role in detoxifying oxidants produced during normal 
metabolism as well as oxidants used by the host as a defence against 
parasite infection. Kotze and McClure (2001) have shown that the 
toxicity of exogenous hydrogen peroxide to H. contortus can be increase 
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by inhibition of nematode catalase and suggested that the catalase play 
a significant role in the defence of this parasite against hydrogen peroxide 
produced as part of respiratory burst of activated phagocytes within the 
host during its response to nematode infection. Brophy and Pritchard 
(1995) have reported that human hookworm N. americanus secrete SOD 
but not catalase and glutathione peroxidase and on this basis suggested 
that primary enzymatic ROS defence system may not be in operation at 
the hookworm host interface. The expression of both SOD and 
peroxidase (s) is required to protect against oxidative damage, since these 
enzymes act in concert to neutralize ROS. Thus, SOD can only be 
described as ROS defensive protein in the presence of either catalase and 
or a peroxidase. These workers (loccit) further suggested that the 
production of hydrogen peroxide by hookworm SOD could be described 
as a formidable mechanism of pro-active parasite defence through the 
production of hydrogen peroxide, and hydroxy 1 radical. Thus, the 
secretory SOD could be provide a shielded pathway for tissue 
destruction. 
The importance of SOD enzymes in parasites like other organism 
is to protect them against oxidant mediated damage which is produced 
during the normal cellular metabolic processes and as a consequence of 
the host immune response. High level of SOD and catalase in 
H. contortus can be correlated with the survival of the parasite in the host 
as suggested by Smith and Bryant (1989) for A^. brasiliensis and 
Nematospiroides dubius. They have shown that adult TV. brasiliensis were 
expelled from small intestine, within 10-12 days whereas, adult N. dubius 
persists for several months, because A^. dubius has 2 and 4 fold higher 
SOD and catalase activity respectively than A^. brasiliensis. Thus the 
elevated levels of SOD and catalase have been correlated with the 
persistence of N. brasiliensis in the intestine of rodents (Smith and 
Bryant, 1986; Batra et al, 1993). SOD activity were shown to be 
elevated in adapted A^. brasiliensis which are capable of surviving in 
primed host as compared with worms harvested after primary infection of 
naive rats. Furthermore, it was shown that the rejection of these parasites 
can be inhibited by administration of antioxidants (Smith and Bryant, 
1989). Similarly^ susceptibility of microfilariae and adult Onchocerca 
cervicalis to hydrogen peroxide was also correlated with the small 
amount of catalase (See Callahan et al., 1988). Oxidant resistance adult 
worms and muscle larvae of T. spiralis had about 4 times more SOD than 
the oxidant sensitive newborn larvae and thereby new bom larvae were 
partially protected against oxidant damage (see references in Dzik, 
2006). Similarly, newly excysted juvenile flukes of F, hepatica expressed 
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2.5-20 fold lower level of SOD and GST activity as compared to 
immature or adult parasite (Kazura and Meshnick, 1984). 
Zelck and Janowsky (2004) compared the influence of 
phagocytic cells of susceptible and resistant snails on the levels of 
scavenger enzymes and reported that the hemocyte from susceptible host 
induced higher level of SOD and GST expression in schistosomes 
sporocysts, compared to hemocytes from resistant hosts. Additionally 
parasite SOD has also been classified as an immune defence protein by 
providing a defensive link between host nitric oxide and ROS dependent 
attack. Nitric oxide has the potential to interact with superoxide anions to 
produce the hydroxy 1 radical. This defense theory proposes that parasite 
SOD by mopping up host derived superoxide anions limits host nitric 
oxide dependent hydroxyl radical production (Brophy and Pritchard 
1992). 
The results of the present study indicate that H. contortus has 
substantial activity of glutathione S-transferase (GST). Comparatively 
less GST activity was reported in adult H. contortus (Kawalek et ai, 
1984) and S. cervi (Srivastava et ai, 1994). GST plays an important role 
to provide defence by neutralizing lipid peroxidation product arising from 
host immune attack. (Brophy and Barret, 1990 a; O'Leary and Tracy, 
1988; Brophy and Pritchard 1992; Brophy et ai, 1995). The 
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substantial amount of GST may protect them from the attack of free 
radicals as it has been suggested that GST in parasitic helminths may help 
in cellular defence against oxygen derived free radicals and acquire 
resistance against certain classes of compounds (Douch and Buchanan, 
1978; Morello etai, 1982; Kawaiek etai, 1984) 
In the present study SOD, catalase and GST activity was found 
higher in male than female H. contortus. Similarly higher SOD and GST 
activity was also recorded in male B. malayi (Ou et ai, 1995 a; Rao 
et al., 2000) and S. mansoni (O'Leary and Tracy 1988). Contrary to this 
Ben-Smith et ai, (2002) have reported higher catalase activity in female 
than male Heligmosomoides polygyrus and suggested that it could due to 
the fact that females are involved in egg and offspring production and 
therefore, to protect these stages they have high level of enzyme. The 
decrease in catalase levels in male worms could possibly be due to 
increasing amount of host induced damage to these more fragile worms. 
They further reported that the male of//, polygyrus was more susceptible 
to killing than female parasite, and suggested that the larger female 
parasite could be more effectively detoxify free radicals than smaller 
male parasites (Ben-Smith et al, 2002). Similar suggestion can also be 
made for the present findings. 
54 
i^  
H. Contortus has continous attat^rf^Siimi abomasal mucosa via 
their oral lancet. As a result different histopathological changes occur at 
the host parasite interface. In the present study different 
histophathological changes like oversecretion of mucous and cellular 
infiltration were observed which is similar,to other findings (Perez et ai, 
2001, 2003). In the sheep a variety of defensive mechanism against H. 
contortus have been described including mucous cells hyperplasia and 
infiltration of mast cells, eosinophils and lymphocytes (Hunter and 
Mackenzie, 1982; Salman and Duncan, 1984; Gill et ai, 1992; 1993; 
Ramos-Vara et al., 1994), Marked increase in mucous secretion by 
abomasal glands were observed between 3-7 week post infection (wpi) in 
goat when the number of worms was low (Perez et al., 2001; Al-
Zubaidy et al., 1987), whereas in young lamb suscepdble to H. 
contortus, a decrease staining in mucous secretion was reported (Salman 
and Duncan, 1984). The cellular infiltration around the vicinity of worm 
indicates the involvement of cell mediated immunity against the parasite. 
Such accumulations of host cells have also been reported due to 
H. contortus and other parasitic infection in sheep and goat (Smyth et al., 
1969; Hoole and Arme, 1983; Sharp et al., 1992; Patterson et al., 
1996; Perez et al., 2001; 2003). 
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In the present study the infiltrated cells were identified as 
lymphocytes, fibroblast and macrophages. Similarly heavy infiltrations of 
lymphocytes, eosinophils and plasma cells were reported in the lamina 
propria of abomasum in experimentally infected goat with H. contortus 
(Perez et ai, 2001). The heavy abomasal infiltrates of CD3^ and CD79a^ 
lymphocytes, IgG"" plasma cells were reported at 3 and 7 wpi, which was 
heavier in goats as compared to sheep infected with H. contortus 
(Al-Zubaidy et ai, 1987). Heavy infiltration of lymphocytes and plasma 
cells can be correlated with the involvement of humoral immunity against 
H. contortus infecfion as it was shown that CD4'^  T lymphocytes and IgG 
play a key role in immunity against H. contortus infection (Gill et al., 
1992; 1993; 1994; Pernthaner et al, 1995; Schallig et al., 1994; 1995; 
Miller, 1996). It was also reported that the infiltration of globule 
leukocytes, CDS''T lymphocytes, CD 79a'' B cells and IgG"" plasma cells 
was significantly higher in reinfected than in primary infected group and 
increased dramatically from 10 days post infection (Perez et ai, 2003). 
During the course of the present study the protein profile of male 
and female H. contortus was also investigated and the obtained results 
reveal that they differ in their protein profile analyzed by SDS PAGE. 
Comparatively more polypeptides were resolved in female as compared 
to male H. contortus. The extra polypeptides detected in female worm 
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could be associated with the process of egg production. Similarly 
differences in protein profile have also been reported in male and female 
Ascaridia galli (Saifullah et ai, 1993). It may either be possible that for 
egg production the female parasite may need certain extra amino acid 
from the host which expressed in the form of polypeptides. Some of the 
polypeptides could be of host origin as proteins of host origin have been 
detected at the parasite surface (Coltarti and Varela Diaz, 1974; 
Hustead and Williams, 1977; Hoole and Arme, 1986). In order to 
confirm this hypothesis it is essential to identify the origin of protein by 
radio- iodination technique. 
The number of demonstrable polypeptide in any species probably 
depends upon the sensitivity of analytical tool as the number of 
polypeptides varies with gel staining technique. Comparatively more 
polypeptides were detected by silver staining which could be due to its 
higher sensitivity as well as staining property of conjugated protein like 
lipo, phospho or glyco protein (Porro et ai, 1982, Dzandu et ai, 1984). 
However, CBBR-250 dye is less sensitive for the detection of basic 
proteins as compared to neutral protein and can detect calmodulin and 
troponin which can not be detected with silver stain (Irie, et. ai, 1982). 
Thus, different protein classes can be detected from the same gel by 
employing different staining procedures. 
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The specific polypeptides in male and female parasites of the 
same species not only represent the biochemical variations but also 
contributed to the possible existence of antigenic variation. Thus, the 
characteristic polypeptides can be exploited for immunodiagnostic as well 
as immunoprotective studies as Simpson (1986) pointed out that the 
heterogeneity in the polypeptide may be of considerable importance for 
the diagnostic and protective measures. 
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